Luminescence of GaAs nanowires consisting of wurtzite and zincblende segments 
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GaAs nanowires (NWs) grown by molecular-beam epitaxy may contain segments of both the zincblende 
(ZB) and wurtzite (WZ) phases. Depending on the growth conditions, we find that optical emission of such 
NWs occurs either predominantly above or below the band gap energy of ZB GaAs (E ZB ). This result is 
consistent with the assumption that the band gap energy of wurtzite GaAs (E** 2 ) is larger than Eg and that 
GaAs NWs with alternating ZB and WZ segments along the wire axis establish a type II band alignment, where 
electrons captured within the ZB segments recombine with holes of the neighboring WZ segments. Thus, the 
corresponding transition energy depends on the degree of confinement of the electrons, and transition energies 
exceeding Eg are possible for very thin ZB segments. At low temperatures, the incorporation of carbon 
acceptors plays a major role in determining the spectral profile as these can effectively bind holes in the ZB 
segments. From cathodoluminescence measurements of single GaAs NWs performed at room temperature, we 
deduce a lower bound of 55 meV for the difference E^ z — E ZB . 

PACS numbers: 78.67.Uh, 78.66.Fd, 78.55.Cr, 61.46.Km 
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I. INTRODUCTION 

The growth and investigation of semiconductor nanowires 
(NWs) represent a quickly growing research field due to 
their potential application in electronic and optoelectronic 
devices. The equilibrium modification of bulk III- As semi- 
conductors is the zincblende (ZB) phase. When grown in 
the NW form, however, these materials crystallize partially 
or even predominantly in the wurtzite (WZ) structured— In 
particular, GaAs NWs often exhibit a mixed crystal structure 
with ZB and WZ segments alternating along the NW axisn^ 
Since these phases differ from each other in their band gap, 
GaAs NWs represent heterostructures with complex optical 
properties, the interpretation of which is currently discussed 
controversially. In particular, the value of the band gap en- 
ergy of WZ GaAs is under debate. On the one hand, it is 
reported that the band gap energy of WZ GaAs (E^ z ) is 
larger by 30 to 50 meV than the one of ZB GaAs (£j B )£ii 
On the other hand, results of theoretical and experimental 
investigations suggest that E^ z is slightly smaller than Eg 
or on the same level.—"— 

There is a broad consensus that the WZ-ZB interface in 
GaAs exhibits a type II band alignment, where the conduc- 
tion and valence band energy levels are higher in WZ than 
in ZB GaAs. Since the carrier diffusion length in GaAs is 
usually large (on the order of 1 jUm), electrons are very effi- 
ciently captured within ZB segments. This results in a large 
probability to predominantly observe luminescence at ener- 
gies lower than the band gap energies of either polytype, 
even if only a small number of ZB segments exists within the 
structure. Moreover, the presence of defect levels often fa- 
vors the observation of luminescence at energies below that 
of the band gap, particularly for measurements at low tem- 
peratures (T), Thus, a clear interpretation of luminescence 
spectra of GaAs NWs requires more detailed investigations, 
where the most crucial question is the one about the actual 
value of E g NZ . 

In this paper, we present experimental results on GaAs 
NWs containing both phases, where depending on the 



growth conditions luminescence is observed predominantly 
above or below E ZB . The observed luminescence spectra are 
in agreement with the assumption of a value of E g NZ larger 
than the one of E ZB , where electrons captured within the ZB 
segments recombine with holes of the neighboring WZ seg- 
ments. Thus, the energy of the corresponding luminescence 
lines exceeds E ZB for very thin ZB segments due to electron 
confinement. 



II. EXPERIMENTAL 

GaAs NWs were prepared by molecular-beam epitaxy 
(MBE) using Ga- and Au-induced vapor-liquid-solid (VLS) 
growth on phosphorous-doped on-axis (±1°) Si(lll) sub- 
strates. The native oxide was intentionally left on the sub- 
strates, and a water desorption step was performed under ul- 
tra high vacuum at 300°C for 20 min. In the MBE chamber, 
the Si substrate was heated to 580°C, a constant AS4 beam 
equivalent pressure of 1.2 x 10~ 5 mbar was set, and GaAs 
nanowire growth started on opening of the Ga shutter. The 
total growth time was 1 h. For sample #1, the Ga supply was 
set to match a planar growth rate of 820 nm/h, which led to 
an atomic flux ratio of Fas/Fgz = 1. Stoichiometric condi- 
tions (FAs/Fba = 1) were identified by the transition between 
the Ga-rich (4 x 2) and the As-rich (2 x 4) reconstruction for 
planar growth on GaAs(OOl) at 580°C4& In contrast, sample 
#2 was grown using half the Ga flux (Fas/Fq^ = 2) under 
otherwise identical growth conditions. For both samples, 
the growth of an (Al,Ga)As shell with a nominal Al content 
of 10% was initiated after 30 min by opening the Al shut- 
ter. A coverage of the GaAs NWs with an (Al,Ga)As shell 
was necessary to enhance the luminescence efficiency en- 
abling optical investigations at moderate and low excitation 
densities^ 

As a reference sample (#Ref), bare GaAs NWs, which 
were known to crystallize predominantly in the WZ 
structure, 20 were deposited on Si(lll) by Au-induced VLS 
growth. Au droplets were prepared on the oxide-free sub- 
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strate by deposition of a 0.6 A thin Au layer and subsequent 
heating. Gallium and As fluxes then were set as for sample 
#2, and NWs were grown for 30 min at 500°C. 

For the structural characterization of the NWs, we per- 
formed x-ray-diffraction (XRD) and Raman measurements. 
High-resolution XRD experiments were carried out using a 
Panalytical X-Pert PRO MRD™ system with a Ge(220) hy- 
brid monochromator and a three bounce Ge(220) channel 
cut analyzer crystal. We used CuKai radiation with a wave- 
length of X = 1.54056 A. 

Continuous-wave micro-photoluminescence (jJ.PL) and 
micro-Raman measurements were performed for as-grown 
NWs and for NWs dispersed on a Si substrate at a tempera- 
ture of 10 K using the 633 nm line of a He-Ne laser and the 
413 nm line of a Kr + ion laser for excitation, respectively. 
The laser beam was focused by a 50 x microscope objective 
to a spot of about 1 fim diameter. The PL or Raman sig- 
nal was collected by the same objective, dispersed spectrally 
in a single spectrograph (600 mm -1 grating, 800 mm fo- 
cal length), and detected by a liquid-nitrogen-cooled charge- 
coupled device array. The elastically backscattered stray 
light was suppressed by a notch filter. The Raman signal 
was not analyzed for its polarization. Due to a NW area 
density of about 1 jivaT 2 for all samples, approximately 1-3 
NWs were excited by the laser spot while illuminating the 
as-grown samples from the top during PL measurements. 
Raman spectra were recorded in backscattering geometry 
with the light collected perpendicular to the NW axes. 

Spatially resolved measurements of the luminescence 
spectra along the axis of NWs, which were dispersed on 
a Si substrate, have been performed by cathodolumines- 
cence spectroscopy (CL) in a scanning electron microscope 
(SEM). Moreover, secondary electron (SE) and monochro- 
matic CL images were acquired simultaneously for an ac- 
curate assignment of the local origin of the CL. The CL/SE 
experiments were performed using a Zeiss ULTRA55 field- 
emission SEM equipped with a Gatan monoCL3 and He- 
cooling stage system for sample temperatures between 6 K 
and 300 K. The CL system can be operated with either a pho- 
tomultiplier tube for monochromatic imaging or a charge- 
coupled device (CCD) detector to record CL spectra. For 
the acquisition of both CL spectra and CL images, the accel- 
eration voltage of the electron beam was chosen between 3 
and 5 kV, while the beam current was chosen to be 0.5 and 
5 nA at 6 and 300 K, respectively. Throughout the CL ex- 
periments, the spectral resolution amounted to 0.3 nm, cor- 
responding to a slit width of the CL spectrometer of 0. 1 mm. 

III. RESULTS AND DISCUSSION 

A. Geometry and structure 

Figure[T]shows SEM images of single NWs from samples 
#1 and #2 dispersed on a Si substrate. From low- and high- 
magnification images — as shown on the left- and right-hand 
side of Fig. Q] — of a representative number of NWs of both 
samples, we estimate an average length of the NWs on the 
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FIG. 1. SEM images of single NWs from sample #1 and #2. On 
the right hand side, the magnified top part of corresponding NWs 
is shown. 



order of 9-10 [im. Their average diameter amounts to 150 
and 80 nm for samples #1 and #2, respectively. The spheres 
visible on top of sample #1 are pure Ga droplets as con- 
firmed by energy dispersive x-ray analysis. The core diam- 
eters were estimated assuming negligible axial lengthening 
during shell growth and considering that the GaAs volumes 
deposited for core and shell were equal. We, thus, calculate 
the NW core diameters of samples #1 and #2 to be approxi- 
mately 110 and 50 nm, respectively. 

The XRD data of all samples are shown in Fig.[2|a), which 
depicts the corresponding co-29 scans. The reflection inten- 
sities are normalized to the one of the Si (1 1 1) reflection cen- 
tered at 28.44° (not shown). The observed maxima centered 
at 27.13° and 27.30° correspond to lattice plane distances 
of 0.3288 and 0.3264 nm and, therefore, can be assigned to 
the WZ GaAs (0002) and ZB GaAs (111) reflection, respec- 
tively. This assignment is consistent with the assumption 
that the NWs of the reference sample, for which the nar- 
row peak at 27.13° is most pronounced, crystallize predom- 
inantly in the WZ structure. The large width of the GaAs 
(111) reflection is caused by the fact that parasitic growth 
leads to an evolution of a highly defective and probably 
strained GaAs layer in between the NWs, which in addition 
to the NWs contributes to the ZB reflection. Most impor- 
tantly, both samples #1 and #2 exhibit a weak but distinct 
peak near the WZ GaAs (0002) reflection indicating that 
the NWs of both samples contain segments of WZ GaAs. 
The small shift toward lower angles with regard to the GaAs 
(0002) reflection of the reference sample is probably caused 
by the presence of the (Al,Ga)As shell, which is not existent 
in the reference sample. 

This result is confirmed in Fig.|2b), where Raman spectra 
of the samples #1 and #2 as well as of the reference sample 
are depicted. The Raman intensities are normalized to the 
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FIG. 2. (Color online) (a) co-26 scans and (b) Raman spectra of 
the as-grown samples #1 and #2 as well as of the reference sample. 
In (b), £2 and TO (LO) indicate the corresponding phonon lines of 
GaAs where the E2 phonon mode exists only in the WZ phase. 



peak intensity of the transversal optical (TO) mode of ZB 
GaAs centered at about 270 cm" 1 . The E2 phonon mode, 
which is most pronounced for the reference sample is char- 
acteristic only for WZ GaAs. 21 It is also present for samples 
#1 and #2, indicating that the NWs of both samples con- 
tain segments of WZ GaAs in accordance with the XRD re- 
sult of Fig. |2a). The shift of the E% phonon line with re- 
gard to the reference sample as well as the broadening of the 
TO and longitudinal optical (LO) resonances toward smaller 
wave numbers can be explained again by the existence of 
the (Al,Ga)As shell for samples #1 and #2. Summarizing, 
we emphasize the structural similarity of samples #1 and #2 
containing comparable portions of WZ GaAs. 



B. /iPL of individual GaAs NWs 

Figure [3]represents the jtiPL spectra of the as-grown sam- 
ples #1 and #2 as well as of the reference sample #Ref. For 
the low excitation density used to excite the NWs from sam- 
ples #1 and #2, the spectra consist of narrow lines, which 
appear unchanged for repeated measurements at the same 
position on the sample. The spectrum of the reference sam- 
ple, for which an about 4 orders of magnitude higher excita- 
tion density was necessary to obtain a PL intensity compa- 
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FIG. 3. (Color online) [iPL spectra of as-grown NWs from samples 
#1 and #2 as well as of the reference sample measured at 10 K. Eg 
marks the band gap energy of zincblende GaAs. 



rable to that of samples #1 and #2, 19 is broad and does not 
show any spike-like structure. Its peak energy exceeds the 
band gap energy of ZB GaAs (Ef B = 1.519 eV^by more 
than 10 meV. The jiPL spectra of samples #1 and #2 differ 
from each other in the spectral distribution of the sharp lines. 
While for sample #1 the main part of the spectrum is found 
above E™ (similar to the reference sample), it is found be- 
low this energy for sample #2. To confirm the observation 
concerning samples #1 and #2, we analyzed the jiPL spectra 
of 30 NWs of each of these samples dispersed on Si(l 1 1) and 
plotted the number of narrow lines observed as a function of 
the respective spectral position in Fig. |4] For sample #1, 
an essential portion of the narrow lines of the /iPL spectra 
clearly appears within the spectral range above 1.519 eV, and 
the highest observed emission energy amounts to 1.547 eV. 
This observation is in disagreement with the experimental 
results reported in Refs. H and [TH where GaAs NWs with 
WZ structure do not show luminescence for energies exceed- 
ing E^ B . For sample #2, almost all the sharp jiPL lines ap- 
pear below £g B - We also note that, especially for sample #2 
(cf. bottom part of Fig. [4j, a considerable number of sharp 
PL lines pile up at energy values matching the transition en- 
ergies of defect-related PL, namely the donor-acceptor pair 
and conduction-band-acceptor transition related to carbon as 
an acceptor^ 

Summarizing, we can establish that although the NWs of 
both samples #1 and #2 contain segments of WZ GaAs with 
similar volume fraction, their optical emission characteris- 
tics differ substantially from each other. While the spectral 
distribution of sample #1 resembles the one of the reference 
sample, for which the main part of the spectrum appears 
above E^ B , the spectra of sample #2 do not exceed E^ B as 
observed by other authors^i^ 

At this point, we would like to comment on the lateral 
confinement of carriers in one-dimensional structures as a 
possible reason for a blue-shift of the corresponding transi- 



4 



10 



-Q 



!= 




10 



CD 

■O R 

E 

=3 



#1 



I HI. I" H 




#2 



D°-C° CB-C° 



I II I" 




-ZB 



II UN |ll I 



1.46 



1.48 



1.50 
E(eV) 



1.52 



1.54 



FIG. 4. (Color online) Histogram of peaks found in the flPL spectra 
of 30 NWs from samples #1 and #2 dispersed on Si(l 1 1) as a func- 
tion of the respective spectral position. E™ marks the band gap 
energy of zincblende GaAs. D°-C° and CB-C mark the energy 
position of the donor-acceptor pair and conduction-band-acceptor 
transition with carbon acting as acceptor. The corresponding /xPL 
spectra have been measured at 10 K. 
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tion energies. For our NWs, such a quantum effect can be 
ruled out, since the estimated values of the NW core diame- 
ters are too large to cause a confinement-related shift of the 
transition energy above E^ B . Moreover, we observe /iPL 
lines exceeding Eg for the NWs with a larger diameter (#1) 
and not for those with a smaller diameter (#2). 



FIG. 6. (Color online) (a) CL spectral line scan along the axis of a 
single NW from sample #1. The dashed vertical arrow marks the 
band gap energy of ZB GaAs. (b) SEM image of the corresponding 
NW, where the dashed arrow marks the path of the scan, (c) SE 
image of another NW from sample #1 superimposed by CL images 
obtained for a detection energy of 1.540 eV (top) and 1.512 eV 
(bottom). Both CL spectra and images have been acquired at 6 K. 



C. CL of individual GaAs NWs 
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FIG. 5. (Color online) CL spectrum of a set of NWs from sample 
#1 measured at 10 K. 



In order to further elucidate the luminescence distribu- 
tion of the NWs from sample #1, we performed spatially re- 
solved CL measurements on single NWs at 6 K and 300 K. 
In Fig. IIIIBI we show a low-temperature CL spectrum ac- 
quired from a set of dispersed NWs of sample #1 over a wide 
spectral range. This spectrum consists of a broad intense lu- 
minescence band centered at 1.51 eV and a three orders of 
magnitude weaker band centered at 1 .70 eV. We assign the 
former, which corresponds to the /iPL emission in Figs. [3] 
and |U to the GaAs core and the latter to the (Al,Ga)As shell. 
The assignment to the shell emission is suggested by its peak 
position, which corresponds to an Al content of 12% in rea- 
sonable agreement to the nominal value of 10%. Moreover, 
the low CL intensity of the high-energy band is consistent 
with an efficient loss of carriers excited in the shell due to 
both carrier capture within the GaAs core and non radiative 
recombination at the shell surface. 

Figure [6] visualizes the spatial and spectral distribution of 
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FIG. 7. (Color online) CL line scan along the axis of a single NW 
from sample #1 acquired at 300 K. The dashed vertical arrow marks 
the band gap energy of ZB GaAs at 300 K. The inset shows an SEM 
image of the corresponding NW, where the dashed arrow marks the 
path of the scan. 



the GaAs core emission along the axis of individual NWs 
from sample #1, where the CL spectra shown in Fig. |6ja) 
were obtained by scanning the electron beam along the axis 
of the NW depicted in Fig. [6fb). Clearly, the spectral contri- 
butions centered near and significantly above E ZB are spa- 
tially separated from each other along the NW axis. While 
the upper part of the NW under investigation emits light pre- 
dominantly near the band gap of ZB GaAs, the CL spectra of 
the lower NW section are found between E z B and 1 .55 e V. 
In Fig. [6jc), we show SE images of another NW from the 
same sample superimposed by monochromatic CL images 
acquired for CL detection energies below and above E ZB . 
The CL obtained at 1 .540 eV is found within well separated 
segments. Due to carrier diffusion along the NW axis, the 
segment structure of the CL image is smeared out for the im- 
age obtained at the lower detection energy (1.512eV). These 
observations demonstrate that the WZ part of the NWs de- 
tected by XRD and Raman (cf. Fig. O is indeed distributed 
segment-like along the NW axis and that E^ z > Eg. 

Also for sample #2, we measured the variation of the CL 
spectra along the axis of individual NWs (not shown here). 
Again, the spectral position of the CL varies along the NW 
axis within a wide range. However, for a large portion of 
each individual NW, the emission is found at the spectral 
positions assigned to carbon-related defects, in agreement 
with the /xPL data of Fig. [4] In contrast to sample #1, only 
negligibly small fractions of the NWs from sample #2 show 



FIG. 8. (Color online) (a) Peak energy as a function of scan position 
of the CL spectra in Fig. UJ (b) CL spectra showing the lowest 
and highest peak position among the spectra of Fig. [7] The dashed 
arrows mark the band gap energy of ZB GaAs at 300 K. At the 
high energy side of the spectra, the exponential decay reflects the 
thermal distribution of the carriers at the band edge. The spectral 
shift of this exponential decay when measured at different positions 
along the NW axis is assigned to the band gap difference E^ z — 



CL at energies higher than E ZB . 

We expect that the energy of the near-band-edge lumines- 
cence reflects the actual value of the band gap when measur- 
ing at 300 K rather than at low temperatures, since shallow 
defects are ionized at higher temperatures. Thus, to obtain 
a quantitative estimate of the actual difference E^ z — E ZB , 
we performed CL spectral line scans along single NWs from 
sample #1 at 300 K. The corresponding CL spectra acquired 
along the axis of a representative NW are shown in Fig. |7j 
Again, one section of the NW emits at energies centered at 
Eg, but others emit light at energies significantly exceed- 
ing E ZB . The variation of the emission energy along the 
axis of the NW in Fig. [7] is plotted in Fig.Oa). According 
to this graph, the maximum energy variation along this NW 
amounts to 58 meV. For a more accurate estimate of the vari- 
ation of the band gap energy along the NW, in Fig.[8jb), we 
compare the spectra with the highest and lowest peak energy. 
Note that the CL intensities are represented on a logarithmic 
scale. The thermal distribution of carriers is reflected by an 
exponential tail of the CL intensity on the high-energy side 
of the spectra. The slope of this tail is the same for all spectra 
shown in Fig. [TJ and indicates the actual temperature of the 
free carriers under the chosen excitation conditions. Thus, 
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FIG. 9. (Color online) Qualitative model of the band gap alignment for samples #1 and #2. ZB and WZ mark zincblende and wurtzite GaAs 
segments, respectively. CB-C° and D°-C° mark conduction-band-acceptor (carbon) and donor-acceptor (carbon) transitions, respectively. 



the energy shift of the exponential tail between the spectra 
of Fig. Ob) represents the maximal energy difference that 
we have measured along the NW. We assume this difference 
amounting to 55 meV to be the lower bound for the band gap 
difference between WZ and ZB GaAs. 



D. Discussion and qualitative model 

Our experimental results can be understood within the 
framework of a quantum well (QW) model for heterostruc- 
tures consisting of WZ and ZB GaAs as has been recently 
reported also for GaN nanowire WZ/ZB heterostructures. 24 
According to the calculations of Murayama and Nakayama 6 
for GaAs, such a heterostructure establishes a type II band 
alignment with positive WZ conduction and valence band 
offsets. Thus for NWs consisting of alternate ZB and WZ 
GaAs segments, electrons captured within the ZB segments 
recombine with holes of the neighboring WZ segments as il- 
lustrated in Fig. [9] For low T, this results in excitons bound 
to the ZB/WZ interface. The corresponding transition en- 
ergy E t depends on the degree of confinement of the elec- 
trons and can span the range between E^ z and E^ z — AEc, 
where AEc is the conduction band offset. Values for E t ex- 
ceeding Eg as observed for sample #1 are possible for very 
thin ZB segments as a result of confinement. For simplic- 
ity, we ignore the possibility of an additional confinement 
of holes in thin WZ segments of a more complicated het- 
erostructure as we probably find it in our NWs. This would, 
however, be part of a sequence of closely spaced ZB and 
WZ segments where electronic coupling of the QWs would 
counteract the additional confinement. 

In order to obtain an estimate of E t as a function of the 
thickness of the ZB GaAs segments (?zbX we have per- 
formed selfconsistent Poisson-Schrodinger calculations 25 
for low T giving the ground state of electrons in a 
WZ/ZB/WZ GaAs quantum well (QW) structure, where the 
confined electron of the ZB layer recombines with a hole 
of the neighboring WZ GaAs. We assume a WZ conduction 
band offset with respect to ZB GaAs of AE C = +159 meV,-^ 
and we take into account a band gap difference of 55 meV, 



which we found experimentally to be the lower bound of 
the difference E^ z — E ZB . Standard values for the effec- 
tive masses are employed. The results of our calculations 
are summarized in Fig.[lO] where E t is shown as a function 
of fzB- The theoretical data of Fig. [I0]predict values for E, 
ranging between E^ z (rs 1.57 eV) and 1.43 eV when ?zb 
varies between 3 and 30 bilayers (a bilayer being one layer 
of Ga and As amounting to t = c/2 with c being the WZ c- 
lattice constant). It becomes evident that emission energies 
higher than E ZB are expected only for very thin ZB inser- 
tions, i.e., tzB < 9 bilayers. 

A spontaneous polarization P sp along the (0001) direction 
is a property intrinsic to WZ semiconductors but vanishes 
for ZB phases due to their higher symmetry. As the latter 
is the equilibrium phase for GaAs and an interest in the WZ 
polytype has only recently come up with the advent of NW 
growth, the possibility of a spontaneous polarization in WZ 
GaAs has not been treated in the literature. For the inves- 
tigation of the impact of P sp on of £j(?zb)> the calculations 
have further been performed taking a spontaneous polariza- 
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FIG. 10. Calculated transition energy of a WZ/ZB/WZ GaAs QW 
structure as a function of the ZB segment thickness, where the con- 
fined electron of the ZB layer recombines with a hole of the neigh- 
boring WZ GaAs. The energy is plotted both for the case of P sp = 



(squares) and P sp = 0.002 Cm 2 (triangles) 
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tion into account. The deviation from the ideal tetrahedral 
coordination of the atoms characterized by the internal pa- 
rameter u is comparable — but opposite in direction — to that 
of GaN, 27 while the bond ionicity is lower than that of GaN. 
Thus, we assume that the spontaneous polarization of GaAs 
is opposite in sign and about one order of magnitude lower 
than that of GaN, and we estimate P sp = 0.002 Cm -2 ^ As 
shown in Fig. [10] this small value of P sp leads to a significant 
increase of the slope of E t (tze.) and, consequently, to a larger 
reduction of E t with increasing thickness of the ZB insertion 
as for P sp = 0. Accordingly, energies higher than Eg should 
be observable only for tzs < 7 bilayers. 

In the framework of the above model, the different emis- 
sion properties of samples #1 and #2 can be explained by as- 
suming a higher probability for the occurrence of very thin 
ZB sections (fzB < 7 bilayers) for sample #1, whereas for 
sample #2 the ZB sections are in general thicker than 7-9 bi- 
layers. While for the former, the electron confinement leads 
to values of E t exceeding E ZB , the electron confinement is 
small for sample #2 and E, is generally found below E ZB . 

Zincblende insertions of two, three, and four bilayers 
can be considered as different kinds of stacking faults in 
WZ GaAs. As the corresponding QW interfaces are atom- 
ically smooth, such stacking fault QWs of different thick- 
nesses should result in distinct sharp luminescence lines. 
This phenomenon of luminescence from excitons bound to 
stacking faults is actually well known for WZ GaN micro 
structures. 28 " 31 Indeed, the /iPL spectra shown in Fig.[3]ex- 
hibit distinct and sharp emission lines. A direct comparison 
of the energy of these sharp lines with the calculated E t (tze) 
of Fig. [10] however, is not conclusive because of the simpli- 
fications made in the calculation. 



IV. CONCLUSIONS 

Luminescence of GaAs nanowires consisting of wurtzite 
and zincblende segments is spread over a wide spectral 
range, which we explain in terms of a type II band align- 
ment of the ZB/WZ heterostructure sequence. Depending 
on the growth conditions, we observe luminescence below 



and clearly above the band gap energy of ZB GaAs. The 
latter indicates a wider band gap for the WZ as compared to 
the ZB modification of GaAs. The thickness of the ZB inser- 
tion controls the energy of the transition between electrons 
confined in this insertion and holes of the neighboring WZ 
sections. This energy can exceed Eg for ZB insertions as 
thin as a few bilayers as a result of the confinement of the 
electrons. Obviously, this condition is fulfilled for sample 
#1 investigated in this study, while for sample #2 the thick- 
ness of the ZB segments of the NWs must be generally larger 
than the above mentioned critical value, even though the to- 
tal amount of ZB and WZ in the two samples is compara- 
ble according to the results from XRD and Raman measure- 
ments. Thus, our results clarify why in some previous works 
luminescence was not observed at energies above E ZB £illill 
while in other works luminescence was also observed above 
the band gap energy of ZB GaAs£~— 

At low temperatures, defect-related optical transitions 
contribute essentially to the observed diversity and high 
probability of luminescence lines below Eg. In particular 
for sample #2, an accumulation of emission lines at ener- 
gies, which can be assigned to the donor-acceptor-pair and 
conduction-band-acceptor transition, have been observed, 
where carbon acts as an acceptor. Acceptors exhibit a large 
carrier capture cross section and can, thus, effectively bind 
holes within the ZB segments, namely preventing the hole 
diffusion toward the WZ segments. Thus, an absence of 
emission lines above E ZB is very probable especially for low 
temperatures, but does not mean an absence of higher en- 
ergy states. The possible energy range of optical transitions 
increases, if spontaneous polarization is taken into account. 

By means of spatially resolved CL measurements at 
300 K, we estimate the lower bound for the difference 
E™ z - Ef B to be 55 meV. 
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